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fiES SO SR gk R Gy SE . o134 (31.7%)
BEMHENERERTZE ACW, 64 (14.6%) &
T ZJ5, K MKok i 7T HIBA[6]1 E R K T
COVID-197£ N 5 N Z [ A& & ik .

i AL TR BT 21297 0T R GRAT SR L RRO)
(715818, 18 O % B2 A I B8R S 1A e A A U o A = 3k
1TCOVID-19/1% J5 S Hf k. Z 5 JLA A, R K
] R VEA TAR RS s, (EAE SRR SRk m . FER
Koo BHAPE SR AR BIR S B £U[8,9]. W TR, Hidd i
BRI 1 DR BT AT 4K R of v A% e A ) P
Ty N53.3% 26.7%H140.0% [10]. H4N, A H
o TR R ME PR I AT AE — AN D, B Ak
Rz L 07 At AF AR IR 2 T . Long % [11]4kiE,
B B S EREE G (1gG) M Bk M
(IgM) [ I8 % Ak H A7 BT TR 29 S 0 s 1913 d e A

TEPAE VI, U 55 Fogiid & 2ICOVID- 1945 11
FI R ERCT 515 24 A s R I, AS[A) T 99 20 97 JRos 75 1
Jiti 9% (TAVP ) &5 HAR S 2R 1 B 1 ik 48 () CT 5248 2% 3R I
WE R, Kk, IR A 2 SR I C T #1824 1
NCOVID-191 F 2 Wibn v 2 —[12], CLyRAMZER 2
Wit A2, AT Hl COVID-19 14 4% -

BEHE THENEAR I kR, B UGB AR TE
BR2EUISAS R T T2 N, EHERSS 2 BN B s A
5, RIGEERES 2R T 3CHRF(13,14]. BRRME N
2% (CNN) 25 HAT 5o 45 28 1t BB 8 7 I8 5 2 2] B2
AR EUR A B A& Z R H[15-18]. E A
AN T TEITSE T IS W (191 R ST o g 1 43 724
(20,217~ JIli 45 4% (1) 43 A0 0 P00 [22—24] 55 7 11 I R
TREWI.

AW TR 2 A~ CNNEL R G CT UG i S 1047 4
K, 1M 7T COVID-19H R 4e it 2, JFRHIRES R
Gt 7 COVID-198 3 B A A . X TAEA B
T-COVID-19 f35 1) - B i A

B 1. s 705 6 (il CT % . (a) COVID-19; (b) IAVP; (¢)TE
MR (@) A (b) MM HIE 10 d P IR,
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2. AT E

2.1 LI KR

AW TSR EBCThR A 6184, H 2194k H
20204 1 H 19 H 22 H 14 H Wi R 5 B B b i 28 — =
Bt N T O B R WA TSR — AR R BRI 110
BICOVID-19E3% CFERS0%, Hoh Bke3s, &
57.3%). X = KEERBEH G EITLETE € COVID-19 &3
WIBEERE . BT COVID-19 8 3 34 2856 i o8 s MH 481 1)
SN I R S R A B EE SN (RT-PCR) K IWHGZ, iR
TERAY A CT SAL S TR I B B ek, [R5 1)
[ CT 4 S B 1 7] 22 /0 A5 5 R B IAT B, AR ORI A
2R, ELFEZY, TAVP5COVID-195E %R FlH
HEWERZEE L, BRI FRH 224 BITAVP (RS
HINI1. H3N2. H5N1. H7IN9%) #¥# CFFER61 %,
Ho BH1564, 569.6%) F175HBIEFENTE CFIEE
#39%, Hoa BH97#Hl, 1555.4%) MCTHA, it
399 CTREAAE sk HEB 1] o 3K e %of BB 491 22 5K 11 L
KRB M R 5 —BEBE . TAVP 12 W7 2008 W1 K £ WA
B F AL B0 BERNA FIRT-PCRAT I IE 52 . 198451
(90.4%) COVID-1975% 51 A119645] (87.5%) IAVPH 51| 4T
PRI EGER (P>0.05), HA%9.6%1COVID-19%
1 12.5% HITAVP 5 451 b - 28 i 1 e EEE 3

AT T4 WL K 5 = 2 e bt B 28 — ER BeAR HE 2 i1 2>
e, JFF O TR m AN RE AT . P B (50
Hovde P NAEREFU T2 38 T st = 15

618U CTREA 1, 52843 CTHEA (85.4%) Tl
SrAIRIESE, HPEFECOVID-19545 18941, 1AVP &
F19461. fE AR 1456, HAR0BICTHEA (14.6%)
fE IR EE, BHCOVID-195# %301, TAVP &4 30
B, R30I hah, MR A E Ot
I EHE M CTHEA,

2.2, SRS RE

K28R T AHEF HF COVID-1912 Wil 25 4= il 1) 3
AR B, XFCTEMGHHT AL, $2EUA 20 i
BRIX k. VR, A = 4ECNN A X6 22 A ik ik 1 15 33k
1757, A O GRS 22 AH AR I AN UG Ak i — 25
M. PR, FI A EUR 43 SEBIAUN BT B 3k R 53 N
=4: COVID-1941. TAVPA M 5K xR (ITD 4H.
FIH K A A —A> =4k X 38 1) =5k EUR $E SR 3% H 1k X
WA BAARE S5y )5, £ Noisy-OR I
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307 BR B0 B CTREAS IR A IR G SR BRI 2 [ 25

3. PR

3.1 HH B T AL HR AR5 128 [X 38053 1]

AT FEAE K FRAL B AN 128 X 37> FIB B 1 2
Bl S5 A2 I 9 (23] T S ) T VE B AL o 22 X 2 AR Y R
FVNet [26] =T, LURFNI5EZ%E (inception-residual, IR)
WX 2 5 K [ 2TV E N R AR SR IS s SR 5 FH X s 10 IR 5%
(reginal proposal network, RPN) 4 EI{ik [X 3, filighi#%
TG I A SRR R A FREAEAL . 25 AR
AR EE 2 PP EE R AR . BT AT FUUE S AR R T i
S5 00 2 VR I A B o BIROR . RE AR
I G52 K 4 BTN ZR I, H 22 LR B 12 A 56
WE, B By B B A A R SR G X 3

ASAL ) =4 7 FE A 7 TS VNet Bl =
Yeu-net B R L EIRAE(28]. M TR S Gt
V) P 320 08 W A2 BRI, DR ER AR MR A I 28 9 22 X 5
RPHERL. JAh, AR ) 2 A8 = 4ES5 R In a1 I 1
TAERIHERE . PRI, ASSTAE F A 70 BB A B 2R AL T H AR
far L R, BRI RPN, FH =48 FAEAR
BB 3 B BB PR B OGER X 2k

AN, S5 5 R T VNet-IR-RPN B 34755
FIFIGy 2K RURABETE A BT 0 B8R e, DI R T
55 53 EAH S 3 FRE [R5 43

3.2. BB A H AN B Y2
K5 A I TE I i AR B L X 0 AT B g — 4k 4> B4
Ao EI ok, BRI . e 4equ st #). 540 AR

SRR AR RR X ISR . R, g R IR O IX IR T
COVID-194HFIAVP A4, BN T —ANTIAH.

AWFFEN61843 CTHEA (2194 COVID-19FEA
22403 TAVPREARTN TS A8 FREAEAS D () = 4k 75 452 Y v
LA B T 3957 MR IE ST T R . A SR S 5 A A R
X el B ARG A i R S B Bk, Rl
EUE S 5 H AR IR B GCRAR R IZ =4 Xk, ik —
Ward. BERR, WAL B B A K BT A 4 #
H I EGETFB) o i, B 28 EUR LRI TR G
ARG R IZ W s 3, 5l — 81 EHR B B 3 0 9 CO V-
ID-198LIAVP,

M ER D IRILRAF 11 871G H, H 1352634
K COVID-19 1% . 26615KIAVP E{& 16576 7K ITI E 4.
MR 2 AT 1 B Hs 2 0 B, I 25OR0 36 E 42 4T 528N CT A
A, IXEEFEARXTRN10 1615K (85.6%) KM%, Hpafs
23015KCOVID-19 4. 22445K1AVP EI{% F156165KITI
% . TR EI17105K (14.4%) FEMGAEEE FHT 0i

COVID-19FITAV P 1 [ Fl A% R gH 295 47 K = 1%,
DL ITI R RE AR B, AT 98020 AN [R] S S B 43 A AN
P A BRI R . [FE, S T IS SRR R
By 1B B AU A, NIRRT T BEALBY ) Ze A R
N SRR S I EARE T R AL

3.3, S IR B A S A
3.3.1. o7 B BUBR IR B 2 2] 43 S 2%

Kanne [29]F1Chung Z5[30] HIHF 72 .7k 7 COVID-19
B CT I = A B REE, BB B FE WAL, 2493
A T MRS B T s ke U 22 R Gkt anE3 BT .

Process

CT image

i — Preprocessing

mﬁ COVID-19, 83.1%

COVID-19, 68.4%
Il covip-19,73.1%

") IAVP, 57.1% IAVP, 31.6%
B

Classification for
each candidate
region

Overall infection
probability

Method

El2. COVID-19 2 Wi fE . HU: FIREAL.



MRYEX LRI, FRATRAL R AT T ek, it T
EIUER 73 AR R X 53 A R G R AP AN S5 4 . ik sk, )
FH I K 5 30 2 iR R B AR D B n AU o) 455 2R 5k A7 )l
i, NI AT B B BB A IR FE 2 IR o 5 3 g S g
Buipi dt R B A N & COVID-198 M .

FEAN A 5 100 5 MR K B 8 TT DA% DL T A5 R
AT

SO IR s B DA ASE 199 e o0 119 B3 /0N B 5 [ 0L )
sk, WE3 (o) PRl

IR 2 BRATI S G S /IS DR T % e[ 13
(dT;

U3 R D IR 1 3R A5 10 PE 2 B LD 3R 2 3k 15
FRIX AR 2 SR A 5 1 R AR R

// p 4 S
. % ‘ ‘ “..' g
(4 Il l
gy We ay
L———A
(@) (b)
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3.3.2. TR ST 4 451

AW FPAG TP CNN B, 4R, —
Tl AR XA Ge i) 5 T AR Z 2% (ResNet) HIRBIAL[31],
T RS R SR SRR b, GBI R
TRINAL B E SN R P2 B A A R (T . %7 BiE
MBI R INE S — D AERR, DURKER bR %
PRI 2R 0T A I 25 FA 55

K2 B ) ResNet-18 W 2% &5 H AT BUSFFAE SR HL .
fi M A R e T B B e, AR IR IS, TR M2
e

AR I A R P 256 ERFAIE 1) &, AR A
SIE R 2R HL R g 16 4 KRR ) B X T B UK
B AR L 2 2T 2%, B SR i ok 530 5 (R AR OGS B

-
(c) (d)

El3. (a) COVID-19KIE, A =BG (b) IAVPEE, A ARG (o) MWFEREENZ0 LT O i/ NE B Al aTk) s () 1%

i 8 PR i N AN ETD T RO 0T AR 26

[# Conv2D + MaxPooling } [ # Flatten operation j

£|::> Full connection

j [ » Concatenate operation }

ResNet-18

60 x 60 x 3

30 x 30 x 16

30 x 30 x 16

30 x 30 x 16

A4

Repeated
18 times

-
o

CoVvID-19 <: :

(CICICEENCIOI®)

Relative distance- | 7
from-edge

16 +1

N
19
o

30 x 30 x 32

15 x 15 x 16
8x8x4

OO0 - 0000

E4. 2T ResNet-18 (L Gt 4 FARL 1 (45 254 (AL B HUSHLH]D . 7EResNet-18 (13 FPI%% b, il 1R AR 2 E R0 B BUBHLE], 225211 )

P EBURKR L B, N B AER R . Conv2D: —4E &R
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AN R RS, SRR LRI A R 48 45
Ho FETR, FMR = AN AnIE R R 25 (0 7 2R EE A
BIEERD.

3.4. Wik
3.4.1. AR Hh i X g 2R Y

SZ AL 3% 2 5] FOR h Bagging TR 232 [32]1 89 78 % »
— Mk X =N R R IR, RGBS AR
BIME . X =5k EGH DU R SRR BEAT S, DA o #E i
16 X e 2 A

(D R EDFHA BG5S IR — KA, ik
FRAEZ R T B A e KBS AR 4 1 R AR X Pk
39 [X 35

(2> /W], k815 A R EBARRX
X 45

LT SR A2 3 DX S A i T TISR B,
T g R

T gt [X 3ok 7

3.4.2. F|H Noisy-OR D11 pf £ T s Ak ge
COVID-19/)— MR EFHE 2 — DN CT WA £
ANBRST B G 129,30]. W — PN EEHCTEEGE W
NCOVID-19 X35, (PN X IRATAT 50% D), 4 i
P R G 8 178 KT 50% 2 A R . Rk, {FH Noisy-
OR U117 R K (0 Ak 28 2 QAT U B — o g e S 28 ) ek
PBEERY (O, BAKMITFR:

C=1-J]1-0G) D

1

X, CRBBIN KL EE L

RGP R KM BE R (CeovipaoM Crave) 2
AT HERT, SRJE RIS SR B BAR AR R CTREA
PASLI IVAREER

geAh, A BT S 5 A CTHEA R B A,
DA i PR = A= 5 PR 255

1.51 ResNet + location-attention
— ResNet

» 1.2

8

— 0.9
0.6

0.3 T r T T r
0 200 400 600 800 1000 1200
Epoch

(@)

(1) WH Ceoyipao M Crayp 280, WIZCTHEAE T
ARIEGIH B

2 MPHAF—PHEFEZEETO, MWEHESH
T BB ZCT REA R BELA5 L

(3) 0, f# H softmax bfi & P> BLAS EEAS 7)o

G
$::§§;G (2

A, j, kE(COVID-19, IAVP). 1S I1E Ny TP g
KM EFEER ST softmax e (E44S SAFRAEA
100%, FFHBA SRS AR RN a5 8. — B RG R
CTRAZAEAECOVID-19 P BEIX I, I I PR R AR 4T N L
2H,

4. R

4.1 P ET 6

I IR 55 2% % H Intel i7-8700k H1 g kb B 28 (CPU)
AINVIDIA GPU GeForce GTX 1080ti. AbH i 8] £ 1Rk
FEEE EHR T —HCTEHR M EH. M EHE Tiikh B2 214K
Fg, WFE—H70 20 CTEE P B A E]30 s.

4.2. YR

AHIFFER A X (o3 FAFEI e e 2 PR 45 2K R 2
ORI I RIS AL ] 1000 K LA,
PAIAELIF AT W1 oD s o, U AR AR A S 31— A
XM EPRES, T HBA RS Ak
R 451 SR A AR A 2 K I SR 2R B S s . 5 R 46
ffIResNet A L, SR A AL B ABUATL ) £ X 2 72 1 2R 80 2
LIS T L RIVERE .

4.3, BRLAE I A SR 1) R EI
4.3.1. PRGN &5k
TR A R R A8 — A AR A — A S

S J — ResNet + location-attention
<02 — ResNet
0 r T r T T
0 200 400 600 800 1000 1200
Epoch

(b)

Bl5. WP BT R () FIMERIZE (b) MlZRiliZk.



SRR s EMERR R . B EEE R AT AL .
TriERIHERI 2 (accuracy, A) HE T TN AR A HE A 14

1EMZ (precision, P) o AU &5 F b IR AS 1 HE
o, HAEFK (recall, R) KRR T 2/ IEHIRIZE

Si-score st FH 1E fiff 2 FI1 A ] 3 (1) 1 AR oF 55 i 1) 2
o ARV R X EqE, H A TP, TN,
FPFIFN 75N EFATE (true positive). EPHPE (true

negative). fEPHME (false positive) FIRFAYE (false
negative).
 TP+TIN
“TP+FP + TN+ EN (3
TP
P =T (4
S
~TP+FN (5
2xPxR
fl—score:W (6)

4.3.2. U TAL B AN 5351

MR FEA R BEHLIHEL 0B CTFEA (COVID-1941
3001, TAVPAL30%. f@EE4L30%1) 1E ANRE. M
AL 3 PR AE DL BE s %95 9 AT R C TRE A FE /T —
BB A B2 I 2R, DLl G AR TR 2 ST RN CT.
Ah, X EG AL FRAN S B B B E AT AL, A IS A
MRTIHETT. ERG T EERY B, T S AE A R
EG = IR (HUD E B A 32 & 21200, DAk
PR R M 8 B A R ZH 2R . X T3 # A B VNet-IR-RPN,
L I A T BRI A KA o B I X 3, R 2
IEH XA T Re g B R Bl k. JE8E, BTSSRI 4

1 COVID-19. TAVPFIITI P53 A1 f) v R
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FRAEIY AT I P8 DL B B X 4. BIAEIX A, FRATTYS
HERFICOVID-1941 1) — /N C TG B & A 9 43 % HAT ]
COVID-198IAVP [ s X 45, - PRI A B R 3B )= 28 Dy f
M, 6. XA RS R A KM, JLP
TevE NIREE N, IV o FIR AR 3K .

4.3.3. BN EUREL ) 4 2

MO MR CTREA R IL 343 17105k BIE e,
A 53575 COVID-19 5 B, 3907KTAVP & 45 He Al
9635KITI MG (FEAED. N T e WA 7 ik, fi
FHVRE H B SR VPAL BEFR VR I PERE . FEPEAS T Bk N 2%
g, BRI A B BUBRHLIR ) X 25 25 5 A AL B UL
I L S50, Uk 1R 2 FR.

P b AL Y () P Y87, -socre A L HE B R 0 Bl N
0.750/0.764§1178.5%/79.4%. F| Fi 1o B BB 1 v LL$Z
FCOVID-19HMIAVP A I Wi %, HFCOVID-

194H (112 W7 HE T 2 42 785 1 5.0% (260/273), TIAVP4

FI2 W HET R 5 1 1.4% (276/280). _FiRiEHE £,
B R B AL B US| RS TR R .
I, X B T A S AR

AN, BT AT ITIA R B TR &,

N

S~
@ )

E6. IrECTEIR (a~c) #BAKH —DHIMEICTHHH .
NG

7 3k BT X J5k

Group COVID-19 (M,/M,) IAVP (M,/M,) ITI (M/M,)
COVID-19 (M,/M,) 260/273 47/32 50/52

IAVP (M,/M,) 55/46 276/280 59/64

ITI (M,/M,) 75/77 81/82 807/804

M;,: the ResNet model; M,: the ResNet model with the location-attention mechanism.

&2 COVID-19. IAVPRITIHIPI N2> BRI A 15 IR f-score FHER "

Group R P fi-score
COVID-19 (M,/M,) 0.728/0.765 0.667/0.689 0.696/0.725
IAVP (M,/M,) 0.708/0.718 0.683/0.711 0.695/0.714
ITI M/M,) 0.838/0.835 0.881/0.874 0.859/0.854

“The overall accuracy rates of M, and M, for the three groups are 78.5% and 79.4%; the accuracy rates of M, and M, for COVID-19 and IAVP groups are 71.8%

and 74.0%.
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I, HAER G — DR 2, HARE D7k #ot H 7
We ATHTBREF—EL BATE—BIE T ATAH
1P 35 f1-socre FIHERAZE, 4307 280.720F174.0%

4.3.4. th g 1k DX 4 5

TN S G AR R I IE X k. U0 H 570
Ak = 4E X 4, P19 COVID-19f%i% = 4E X
. 130N TAVP 5 =4k X 481321 AN I T izt = 4E X
W CHEAED. B4 RIRIE M AN A B2, IE
if R A f;-socre WFR 31K 4.

AN 22 f,-socre AL HE 1 2R 43 51 N 0.856 K11
89.3%, b E—2Brildgm T 12.0%F112.5%. A4
“F35f1-socre N0.806 53 A NT83%, mHliEE T
11.9%15.8%.

4.3.5. CT FEA AR I 45

HNoisy-OR D347 o8 F5 A 35 G2 T 34711 51 o
B AR i =R AE R COVID-19/& 4. TAVP /KL
AR IR R ERSME6 T

I COVID-192H FITAVP 4 1 “F- 13 £;-socre A HERf
(53 51°50.843F185.0%), - 5 5w it 45 SR ik A7
EEEL, 25 3 il a1 4.6% F18.6%

W PR, W52 B 351 -socre RN B 2R 1 FF

+R3 IS COVID-19. TAVP FIITIZH BV & 5 b

Group COVID-19 IAVP ITI
COVID-19 97 15 7
IAVP 18 98 14
ITI 5 2 314

=4 ?_ﬁ%‘e)ﬁcovm-w\ TAVP FIITIAL A A FZ . IERZ. fi-socre fl
/ﬁﬁfﬁ, Z2

Group R P fi-score
COVID-19 0.815 0.808 0.811
IAVP 0.754 0.852 0.800
ITI 0.978 0.937 0.957

“The overallaccuracy rate for the three groups was 89.3%; and the average
accuracy rate for COVID-19 and IAVP groups was 78.3%.

&5 COVID-19. TAVPFl{gEF AR Noisy-OR JUH 17 e i H 178
bEpal L

Group COVID-19 TIAVP Healthy
COVID-19 26 3 1
IAVP 4 25 1
Healthy 2 1 27

4203 . COVID-19FITAVP {43 2 UEffi K 11 74.0% (H
Mg AR 275 578.3% (MG Mk X 48D, Hidm#
85.0% (ARYE I B 2R A K & HCTHRBD . M=
ANy 4 (COVID-194H. TAVP LA B A T4 K
T, AR BUERR R N86.7%. b4k, BRLILH BT
H— R A R BRI GYR L ER (-7,

5.3%18

COVID-19 T 48 i Jf ™ 5 1 2 L T2 AR 122 4 )
IRl I i Ay 4 Bk 5 v 1) £ 55 [33-35]. fECOVID-19H. 3,
—LL B OV PHPE ISR 3R I, AR ARAT A W%
P B RURH S MR AT v AR R A I &5 SR T . dk
BE BB S K% 1R8] L)
M B BRiG T, DRIk, X4 83 RO V7R I I IR . T
CTR B AR HAE 7 (8, 8 e A 256 B — 191 - 44
HRHA PFRGER P B AT EHCTRE . FIHCTHE
BXTHEALCOVID-19 B H AT A, 7 LU= COVID-19
(A HE 2, SRR S0 AR TR A R R )

HEHE 25 R W 92 [29,30,36], COVID-19 3 i1 fiti &

%6 COVID-19. IAVPHIMgHE A#FAI Noisy-OR UL i ok £ 5t (1) A
e, B, fi-socre FIHERH %"

Group R P fi-score
COVID-19 0.867 0.813 0.839
IAVP 0.833 0.862 0.847
Healthy 0.900 0.931 0.915

“The overallaccuracy rate for the three groups is 86.7% and the average accuracy
rate for COVID-19 and IAVP groups was 85.0%.
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R, R A L RRME. 55, COVID-19
HIIE R RIS TAVP A1 DCRAG I 28 . WAL it 96 Fig
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